CERTIFIED COPY OF 
PRIORITY DOCUMENT .'^ fttent 

QfiBce 



Of 

4? 




INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



[the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
Ithe Dereguktion & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
iiptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
finally filed in connection with the patent application identified therein. 



cordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
Is certificate and any accompanying documents has re-registered under the Companies Act 
with the same name as that with which it was registered inmiediately before re- 
ration save for the substitution as, or inclusion as, 4he last part of the name of the words 
jc limited company" or their equivalents in Welsh, references to the name of the company 
^certificate and any accompanying documents shall be treated as references to the name 
lich it is so re-registered. 



Inj^Bdance with the rules, the words "public limited company" may be replaced by p.l.c, 
plc^H.C. or PLC. 



Re-i|^Bration under the Companies Act does not constitute a new legal entity but merely 
subjMB^e company to certain additional company law rules. 



Signed 

Dated 24 August 2004 ^ 



I 



THIS PAGE BLANK (uspro) 



from: D VOUNG & CO 

Patents Form 1/77 



Patents Act 1977 
(Rule 16^% 



• FAX NO.,:. + '^-^^Zf^z 



A 



4 



Request for a grant of a patent 

fSee At HottM on tht back of this form. You can also get 
an explanatory Ue^elfrom the Patent Office to he^ 
jou fiB. in Ousjarm) 



A CO 



06AUG99 E467709-1 C030A6_ 
PC4/7700 0.00 - 991^-40.7 



og" foe 1999 



The Patent Office 

Cardiff Road 
Newport 
Gwent NP9 IRH 



Your reference 



P007421GBR ATM 



Pbtent application number 

(Tht Patent Office will fill in this part) 



9918540.7 



3. Full naine, address and postcode or tite or of each applicant 

(underUne all surnames} 



CRAIG . ROGER 
JUBILEE HOUSE FARM 
SPEN GREEN 

SMALLWOOD, SANDBACH 
CHESHIRE, CWll OXA 
UNITED KINGDOM 



-711 6^"^^^'^^ 



Patems ADP number (^you know it) 

If the applicant is a corporate body, give tlie counlc^/state of its 
incorporaUon 



Title of the invention 



SEVAKIS . CHARLALAMBOS 
IMBB - FORTH 
PO BOC 1527 
HERAKLION 71110 
CRETE 

GREECE 7-7 1 ' 



INSECT CONTROL SYSTEM 



Name of your agent (if you have one) 

"Address for service" in the United Kingdom to wMch all 
correspondence should be sent 
(including the postcode) 



Patents ADP number (if you have one) 



D YOUNG & CO 

21 NEW FETTER LANE 

LONDON 

EC4A IDA , 

59006 



6. If you are declaring priority from one or more earlier patent 

applications, give the country and date of Tiling of the or each of 
these earlier applications and (if yuu know it) the or each 
application number 



Country 



Priority application 
number 

(if you know it) 



Date of filing 

(day/month/year) 



If this appUcation is divided or otherwise derived from an earUer Number of earUer Date of filing 

UK application, give the number and filing date of the earUer application (day/manth/year) 

application 



Received 06-08-99 05:23pin Frorn-+0]703 224262 



To-THE PATENT OFFICE 



Page 03 



8. Is a statement of inventorship and of right to grant of a patent YES 
required In support of this request? (Answer *Yes ' if: 
a) any applicant named in parr 3 is not an inventor, or 
h) there is aii nior who is not named as an applicant, or 
c) any named ^^^licant is a corporate body. 
See note (d)) 



Enter the number of sheets for any of the foUowtng items you are 
filing with this form. Do not count copies of the same document 

Continuation sheets of this form Q 

Description 9 

Claims (Jj 3 

Abstract I 

DrawingfjJ Q 



y 
y 



10. If you are also flting any of the following, state how many against 
each item. 

Friority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Farm 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77} 

Request for substantive examination 
(Patents Form 10/77) 

Any other documents 

(please specify) 



lAVe request the grant of a patent on the basis of this application. 
Signature Date 




06 08 99 



Agents for the Applicants 

12. Name and daytime telephone number of the person to contact in A MASCHIO 023 8063 4816 

the United Kingdom 



Warning 

Afier an application for a patent has been filed, the ComptroUer of the Patent Office wiU consider M^hether publication nr communication of the invention should he 
prohibited or restricted under Section 22 of the Patents Act ]977. Yau will be informed if it is necessary TO prohibit or restrict your invention in this way. Furthermore, 
if you live in the United Kingdom. Section 23 of the Patents Act J 977 stops you from applying for a patent abroad without first gening written permission fi-om the 
Patent Office unless an application has been filed at least 6 weeks beforehand in the UnUed Kingdom far a patent for the same invention and either no direction 
prohibiting publication or comtnutiication has been given, or any such direaion has been revoked. 

Notes 

n) If you need help to fill in thisfann or you have any questions, please contact the Patent Office on 01645 500505 

b) Write your answers in capital letters using black ink or yau may type them 

c) if there is not enough space far all the relevant details on any part of this form, please continue on a separate sheet of paper and write "see continuation sheet" 
in the relevant pan(s). Any continuation sheet should be attached to this form. 

d) If you atuwered 'Yes' Patents Form 7/77 will need to be filed, 

e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 



Received 06-08-99 05:23pin Froffl-+01703 224262 To-THE PATENT OFFICE Page 04 



1 ' 

Insect Control System ^ 

The present invention relates to a method for controlling populations of insects. In 
particular, the invention relates to a method for controlling a population of insects by 
5 transforming at least a subset of the population with a gene encoding one constituent of an 
enzymeyprodrug system and a promoter capable of driving the coding sequence in the 
target insects in a sex-specific manner. 

Insects are responsible to widespread damage to crops world-wide, with enormous 
10 concomitant economic consequences. In order to try to reduce insect-inflicted damage, 
resources have been devoted to the development and deployment of insecticides, which 
control insect populations by killing target insects. Although insecticides are in many 
cases effective, they are known to be toxic to life-forms other than target insects, which 
has important environmental consequences. Moreover, they are expensive both to 
15 produce and to apply to crop-growing areas. 

Attempts have moreover been made to control insects by biological means. Methods 
currently employed to control the populations of certain members of the dipteran class 
include the release of sterile males. 

20 

For example, as set forth in US patent 5, 840, 865, the Meditenranean fruit fly (Medfly) 
Ceratitis (C.) capitata is a major agricultural pest for many fruit species that is 
geographically widespread in tropical and temperate regions. The Medfly has been 
introduced relatively recently into the New World, and appears to be spreading rapidly, 

25 threatening fruit producing areas in North America (Carey, J. R., Science 253: 1369 
(1991)). Since the mid 1970's, the sterile insect technique has been used successfully for 
Medfly eradication and control. This method relies on the decrease in or collapse of fly 
populations following releases of large numbers of sterile insects over infested areas, and 
offers an environmentally attractive alternative to massive spraying with insecticides 

30 (Knipling, E. F., Science 130: 902 (1959)). 
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Although the use of sterile male insects slows Medtly population growth and may lead to 
its collapse, it does not lead to actual destruction of female insects, which are responsible 
for crop damage. Moreover, since the sterile males do not reproduce, the method requires 
repeated releases of sterile males into the environment. 

There therefore remains a need for a control technique for Medfly and other insect pests 
which selectively destroys female or male insects but which is environmentally more 
acceptable than the mass spraying of toxic insecticides. 

Furthermore, many human and veterinary health issues are associated with the spread of 
disease by insects. Examples include mosquitoes, tse-tse flies and the common houseHy. 
Control of insect populations which endanger human or animal health is thus also 
desirable. 

Enzyme/prodmg systems are known in the art. A prodrug is a drug, often a potentially 
toxic drug, which is selectively activated (i.e. rendered toxic) by the action of an enzyme. 
Enzyme/prodn^s systems rely on the delive,^ of an enzyme to target cells or organisms, 
before administration of the prodrug. Only target cells or organisms which express the 
enzyme will be affected by the prodrug. One common enzyme/prodrug system is the 5- 
fluorouracil/cytosine deaminase system, in which the non-toxic precursor 5-fluorocytosine 
(5-FC) is converted to the cytotoxic dmg 5-fluorouracil (5-FU) by the action of cyiosine 
deaminase (see Austin & Huber. (1993) Mol. Pharmacol. 43:380-387). 

Prodrugs, as well as being inactive in organisms or cells that cannot convert them, may 
25 also have other advantages, such as improved lipid solubility and/or chemical stability. 

Proinsecticides, or prodrug toxins that have been designed to be convertible only in 
certain insects, have been prepared by selective derivatisation of Uie final toxin, especially 
in ti.e case of organophosphates and carbamates. Examples include precursors of 
30 acetylcholinesterase inhibitors, such as parathion and profenofos, which are oxidised into 
• active insecticides by enzymes of the cytochrome P-450 family. However, application of 
proinsecticides to insect populations only lolls the insects which naturally express the 



20 
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enzyme. To render insect pests which do not naturally express the converting enzyme 
susceptible requires transfer of the gene encoding the converting enzyme into the host and 
a means of transfer of the gene in an environmentally acceptable manner within the target 
insect population 



Summary of the Invention 

In a first aspect of the invention, there is provided a method for controlling a population 
of target insects, comprising: 

a) providing a gene comprising a coding sequence encoding one constituent of an 
enzyme/prodnig system and a promoter capable of driving the coding sequence in the 
target insects in a sex-specific manner; 

b) transforming at least part of the population of target insects with the gene, and 
allowing the transposable elements to spread within the target insect population; and 

c) administering to the population of target insects the remaining constituent(s) of 
the cnzyme/prodrug system. 

As used herein, a "population of target insects" refers to any group of insects, whether 
delimited along species or geographical lines, or both, which it is desired to control. For 
example, a population of insects may be refer to a given species of insect which infests a 
particular crop in a given geographical area. Alternatively, it may refer to all insects 
infesting any crop in a geographical area, or a given species without reference to any 
geographical limitation, or a population of insects which is responsible for a human or 
veterinary health problem, such as the spread of malaria. Target insects are the individual 
members of the population of insects. 

"Control" refers to the limitation, prevention or reduction of growth of the insect 
population. Preferably, this is achieved by killing target insects. Advantageously, the 
population of insects is eliminated. 
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"Gene", as used herein, refers to a nucleic acid, usually DNA, which comprises a 
sequence of nucleotides which encode a protein or polypeptide and the sequences required 
to transcribe the nucleotide sequence in a suitable host cell. The nucleotide sequence is 
referred to herein as a "coding sequence" and the sequences required for transcription are 
referred to as "promoters". 

The coding sequence encodes one constituent of an enzyme/prodrug system. The 
constituent may be any one or more parts of the system, as long as it is not in itself 
sufficient to produce the active drug from the prodrug. Thus, the constituent is preferably 
the enzyme which is responsible for prodrug activation. Alternatively, it may be the 
prodrug itself. The remaining constiluent(s) of the enzyme/prodrug system are 
administered separately, thus killing the target insects which express the coding sequence 
according to the invention. 

A feature of the present invention is that the promoter used to drive transcription of the 
coding sequence is active in a sex-specific manner. This means that the coding sequence 
is expressed substantially only in one sex of the target insects, be it male or female. As 
used herein, "substantially only" advantageously refers to a selectivity for a given sex of 
70:30, 80:20, 90: 10 or preferably 100:0. 

Preferably, wherein the gene is used to transform male target insects. This is especially 
preferred in cases where the promoter which drives the coding sequence is active to 
express the coding sequence only in female target insects. This allows the selective 
destruction of female insects, whilst maintaining a population of male insects which are 
able to pass on the gene comprising the coding sequence whilst remaining unaffected by 
the prodrug. This is highly advantageous where the female is responsible for spreading 
damage or disease. 

In cases where the male is responsible for spreading damage or disease, the technique may 
be reversed, such that a coding sequence only functional in male insects is spread by 
carrier females. 
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•Ihe invention furthennore provides an insect of a given sex. which insect has been 
transformed with a gene comprising a coding sequence encoding one constituent of an 
enzyme/prodrug system and a promoter capable of driving the coding sequence 
substantially only in insects of the opposite sex. 

In a further aspect, the invention provides a vector which is capable of transfonning a 
target insect cell, which vector comprises a gene comprising a coding sequence encoding 
one constituent of an enzyme/prodnxg system and a promoter capable of driving the 
coding sequence in target insects in a sex-specific manner. 

Detailed Description of the Invention 



The present invention is applicable to the control of any insect population, comprising any 
target insects, whether the population is homogenous or heterogeneous. For example, 
15 insects which are controlled using the present invention include: 

Bactrocera oleae (olive fly) - affects olive crops 

Bactrocera orientalis (oriental fruit fly) - affects many fruit crops 

lleliothis armigera (cotton boll worm) - affects cotton 
20 Trichoplusa ni (cabbage looper) - affects cabbages 
Manduca sexta (tobacco homworm) - affects tobacco 
Lobesia botrana (grapevine moth) - affects grapes 
Anopheles gambiae (mosquito) - carries malaria 
Aedes aegypti (yellow fever mosquito) - yellow fever 

Glossina morsitans (tse-tse fly) African trypanosomiasis (sleeping sickness) 
Simulium sp. (black fly) onchocerciacis (river blindness) 
Phlebotomus sp. (sand fly) visceral leishmaniasis (kala-azar) 
Musca domestica (house fly) many bacterial infections. 

30 Prefe.Ted. however, are insect populations which include or consist of the Mediterranean 
fruitfly. C. capitata (Medfly). 
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Genes useful in the practice of the invention, as well as vectors encoding them, may be 
prepared according to standard approaches used in molecular biology. See. for example, 
Sambrook et al.. Molecular Cloning, A Laboratory Manual (1989) and Ausubel et al.. 
Short Protocols in Molecular Biology (1999) 4* Ed. John Wiley & Sons, Inc. 

Preferably, the coding sequence encodes the csterase/amidase enzyme which converts 
DPX-JW062 into its active metabolite (Wing et al., (1998) Arch Insect Biochem Physiol 
37:91-103). The pro-insecticide is, in this aspect of the invention. DPX-JW062 which is 
obtainable from Du Pont. 



Alternatively, the coding sequence encodes an enzyme of the cytochrome P-450 family. 
Although most insects possess cytochrome P-450 family enzymes, the efficiency of 
bioconversion of proinsecticidcs converted by such enzymes may be increased by 
transforming the insect with a more efficient and/or overexpressed enzyme, allowing a 
15 decrease in the effective dose of the proinsecticide. Suitable proinsecticidcs in this aspect 
of the invention include organophosphates and carbamates. For example, the 
proinsecticide may be an acetylcholinesterase inhibitor such as parathion and profenofos. 



According to a further embodiment, the prodrug is p-hydroxyaniline mustard glucuronide, 
which is converted to the toxin p-hydroxyaniline mustard by the converting enzyme P- 
glucuronidase. which must be located in the extracellular space (Cheng et al., (1999) 
Biochem. Pharmacol. 58:325-328). Preferably, therefore, the coding sequence encodes E. 
coli P-glucuronidasc. 

25 Preferably, the coding sequence encodes cytosine deaminase, in which case the 
proinsecticide is 5-FC. 

Sex-specific promoters suitable for driving a coding sequence as set forth above are 
available in the art. In a preferred embodiment, vitellogenin genes encoding yolk proteins 
30 may be used as a source of suitable promoters, the case where the target insects are 
Medfly (C. capitata), the VGi and VG2 promoters may be used (Rina and Savakis. 
(199 1 ) Genetics 127:769-80). 
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The transformation of target insects may be petformed using any suitable technique for 
preparing transgenic insects. Such techniques include DNA transfection, the use of viral 
vectors, and the use of episomal vectors which are transmitted through germ cells. 
Advantageously, the transformation is carried out using a suitable vector. The invention 
thus provides a vector which is capable of u-ansfomiing a target insect cell, which vector 
comprises a gene comprising a coding sequence encoding one constituent of an 
enzyme/prodrug system and a promoter capable of driving the coding sequence in target 
insects in a sex-specific manner. 



Preferably, the vector is a transposon or transposable element. The invention accordingly 
provides a method as set forth above, wherein the transformation step comprises the steps 
of: 

a) providing a transposable element which encodes a transposase protein which is 
15 active in the target insects; 

b) modifying the transposable element by inserting the gene; and 

c) transforming the target insects with the modified transposable element. 

Transposons are genetic elements which are capable of "jumping" or transposing from 
20 one position to another within the genome of a species. They are widely distributed 
amongst animals, including insects. 

Transposons are active within their host species due to the activity of a transposase 
protein encoded by the elements themselves. Advances in the understanding of the 
mechanisms of transposition have resulted in the development of genetic tools based on 
transposons which can be used for gene transfer. 

Any transposable element active in the desired target insect may be used. Preferably, 
however, the transposable element is selected from the group consisting of Minos, 
mariner, Hermes and piggyBac. 



ved 06-08-99 05:23pni 



Froni-+01703 224262 



To-THE PATENT OFFICE 



Page 1 1 



FROM I D V0UH6 & CO 



Fax NO.: * 01783 224262 



07-08-99 18S16 P. 12 



^ 8 

7 



Minos is a transposable element which is active in Medfly. It is described in US patent 
5.840.865, which is incorporated herein by reference in its entirety. The use of Minos to 
transform Insects is described in the foregoing US patent. 

5 Mariner is a transposon originally isolated from Drosophila, but since discovered in 
several invertebrate and vertebrate species. The use of mariner to transforro organisms is 
described in International patent application WO99/09817. 

Hermes is derived from the common housefly. Its use in creating transgenic insects is 
10 described in US patent 5,614,398, incorporated herein by reference in its entirety. 

PiggyBac is a transposon derived from the baculovirus host Trichplusia ni. Its use for 
germ-line transformation of Medfly has been described by Handler et al, (1998) PNAS 
(USA) 95:7520-5, 



15 



20 



25 



30 



According to the present invention, insects are generated which can be released into 
populations of insects and which will interbreed with those populaUons to produce target 
insects which are susceptible to a proinsecticide. The invention thus relates to an insect of 
a given sex, which insect has been transformed with a gene comprising a coding sequence 
encoding one constituent of an cnzyme/prodrug system and a promoter capable of driving 
the coding sequence substantially only in insects of the opposite sex. Preferably, the 
insect is a male insect. Advantageously, the insect is a Medfly. 

The invention is further described, for illustration only, in the following example. 
Example 

Usmg standard methods, a genetic construct is prepared bearing the C. capitata VGl 
promoter operably linked to a cDNA encoding E. coli cytosine deaminase. The cytosine 
deaminase gene, when introduced into insect cells, confers sensitivity to the prodrug 5- 
FC. 
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The construct is inserted into the Minos transposon using conventional techniques and, in 
addition, those described in US 5. 840. 865. The modified iransposon is then used to 
transform Medfly according to standard transgenesis procedures. 

Transgenic flies carrying the modified transposon are bred to create transgenic strains that 
express the cytosine deaminase enzyme. Characterisation for cytosine deaminase activity 
shows that the enzyme is expressed at a high level selectively in females. Moreover, 
cytosine deaminase expression is correlated with susceptibility to the prodrug 5-FC 
administered in food to the flies. 

A highly su.sceptible strain is bred and male flies isolated. Introduction of male flies into 
a population of non-transgenic flies results in rapid transfer of the transgene. Female flies 
which are bom inheriting the transgene aie susceptible to 5-FC. whilst male files remain 
resistant. 
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CLAIMS 



1 . A method for controlling a population of target insects, comprising: 

a) providing a gene comprising a coding sequence encoding one constituent of an 
5 enzyme/prodrug system and a promoter capable of driving the coding sequence in the 

target insects in a sex-specific manner; 

b) transforming at Jeasi part of the population of target insects with the gene, and 
allowing the transposable elements to spread within the target insect population; and 

c) administering to the population of target insects the remaining constituent(s) of 
10 the enzyme/prodrug system. 

2. A method according to claim 1, wherein the promoter is active to express the 
coding sequence in male target insects. 

15 3. A method according to claim 1 or claim 2, wherein the promoter is active to 
express the coding sequence only in female target insects. 

4. A method according to any preceding claim, wherein the coding sequence encodes 
the esterase/amidase enzyme which converts DPX-rW062 into its active metabolite. 

20 

5. A method according to any preceding claim, wherein the coding sequence encodes 
a cytochrome P-450 enzyme. 

6. A method accordmg to any preceding claim, wherein the coding sequence encodes 
25 cytosine deaminase. 

7. A method according to any preceding claim, wherein the coding sequence encodes 
P-glucuronidase. 

30 8, A method according to claim 4, wherein the enzyme/prodrug system further 
comprises DPX-JW062. 
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9. A method according to cJaim 5, wherein the enzyme/prodrug system further 
comprises an organophosphate proinsecticide. 

10. A method according to claim 6, wherein the enzyme/prodrug system further 
5 comprises 5-FC. 

11. A method according to claim 6. wherein the enzyme/prodrug system further 
comprises p-hydroxyaniline mustard glucuronide. 

10 12. A method according to any preceding claim, wherein the transfomiation step 
comprises the steps of 

a) providing a transposable element which encodes a transposase protein which is 
active in the target insects; 

b) modifying the transposable element by inserting the gene; and 

1 5 c) transformi ng the target insects with the modified transposable element. 

13. A method according to claim 12, wherein the transposable element is selected 
from the group consisting of Minos, mariner, Hermes and piggyBac. 

20 14. A method according to any preceding claim wherein the target insect is Ceratitis 
capitata. 



25 



30 



1.5. A method according to claim 14, wherein the promoter is a Ceratitis capitata yolk 
protein gene promoter. 

16. An insect of a given sex, which insect has been transformed with a gene 
comprising a coding sequence encoding one constituent of an enzyme/prodrug system and 
a promoter capable of driving the coding sequence substantially only in insects of the 
opposite sex. 

1 7. An insect according to claim 16 which is a male insect. 
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18. A vector which is capable of transforming a target insect cell, which vector 
comprises a gene comprising a coding sequence encoding one constituent of an 
enzyme/prodrug system and a promoter capable of driving the coding sequence in target 
insects in a sex-specific manner. 

19. A vector according to claim 18 which is a transpo&on. 

20. A transposon according to claim 19 which is Minos, 
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Abstract 

The invention relates to a method for controlling a population of target insects, 
5 comprising: a) providing a gene comprising a coding sequence encoding one constituent 
of an enzyme/prodrug system and a promoter capable of driving the coding sequence in 
the target insects in a sex-specific manner, b) transfonning at least part of the population 
of target insects with the gene, and allowing the transposable elements to spread within 
the target insect population; and c) administering to the population of target insects the 
10 remaining constituent(s) of the enzyme/prodrug system. 
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